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1 
INTRODUCTION 
Any individual who undertakes a research project may be 
motivated by his curiosity to learn of the mystery in which the 
object of his search is bound and shrouded. Or, he may be 
driven to certain research to prove or disprove an hypothesis. 
The author, wishing to test an idea concerning the incidence 
of an infectious disease currently affecting cattle, undertook 
the research described here to study the stock cow population 
in Iowa to ascertain the frequency of an upper respiratory 
disease, infectious bovine rhinotracheitis. 
Even though infectious bovine rhinotracheitis was not 
recognized as a distinct disease entity until 1955, it had 
existed as an acute upper respiratory infection of undetermined 
etiology in feedlot cattle and dairy cows of the western and 
midwestern parts of the United States for several years. 
A major problem in ascertaining the frequency of infec-
tious bovine rhinotracheitis is its resemblance to mucosal 
disease and virus diarrhea. Due to the similarities of these 
diseases, it appeared that they might be caused by a common 
agent or closely related agents. It has been determined that 
infectious bovine rhinotracheitis is caused by a distinctly 
different virus than that which causes mucosal disease or 
virus diarrhea, which are presently referred to as the mucosal 
disease complex. 
At the beginning of this project, no one had made a 
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serological survey to determine t he incidence of infectious 
bovine rhinotracheit is in cattle in the United States . A 
commercia l l aboratory had summarized the results of t heir 
diagnostic service . However , this was no t a true represente.-
tion of the incidence of infectious bovine rhinotracheitis , as 
mos t of the sera were submitted because the patient was sus-
pected of harboring an i nfection . Knowledge of the incidence 
of infec tious bovine rhinotra cheitis did not exist . Thi s was 
the second reas on which mo tivated this study . 
A unique opportunity to measure the incidence of infec-
tiou s bovine r hinotr acheitis i n Iowa s t ock cow herds became 
a va ilabl e wi th t he Cooperative State- Federal Brucellos i s Test-
ing Prosram . Thousands of blood serum samples dra1.i"Ll from 
herds in all parts of the s t a te thus were availabl e for addi -
tional t esting . Nu:nber s were sufficient to allow a statisti-
cally des i gned survey . The State-~ederal Brucellosis Labora-
tory and t he Iowa Veterinary Diagnostic Laboratory a r e housed 
in a djacent rooms in t he same building . The s t age was s et for 
t he research project described here--A Serolog ica l Survey of 
Iowa Stock Cows for Antibodies to Infectious Bovine R..l-iinotra ch-
eitis Virus . 
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REVIEW OF THE LITERATURE 
The first account of infectious bovine rhinotracheitis as 
a disease entity was reported from Colorado by Miller (1955). 
Miller referred to the disease as "infectious necrotic rhino-
tracheitis. 11 The disease had been under surveillance for a 
little more than 4 years in Colorado feedlot cattle. Miller's 
account calls a ttention to clinical and postmortem observa-
tions. The affected animals had elevated temperature, blood-
tinged nasal discharge, salivation, dyspnea, conjunctivitis and 
lacrimation. The nasal mucosa was hyperemic. There was corne-
al opacity. A diphtheritic membrane was present in the trachea. 
Milk production was reduced in l a ctating fema les . 
Schroeder and Moys (1954) noted an acute upper respiratory 
infection in California da iry cattle. They made no a cknow-
ledgement of the dis ease in Colorado . Perhaps the two diseases 
were too diss imilar to be recogniz ed as one and the same. They 
did not observe ocular involvement. In a report at the United 
States Livestock Sanitary Associa tion meeting , McKercher et al. 
(1954 ) summarized their findings concerning a new influenza-
like disease in cattle. Quite likel y they were observing the 
same disease as Schroeder and Moys had reported earlier. 
Once the a l arm had been sounded, reports of similar 
conditions occurring in ca ttle in other parts of United St a tes 
and the world began to appear. McKercher {1955 ), repr esenting 
his staff of investigators, addressed the next annua l meeting 
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of the United States Livestock Sanitary Association at which 
time he recognized that the disease in California was very 
similar to that which Jensen et al. (1955) reported in Colorado. 
Gillespie et al. (1957) conducted animal inoculation and 
virus isolation studies using infectious bovine rhinotracheitis 
virus strains which were isolated by researchers in the western 
United States. Gillespie also had evidence that the disease 
had been present in New Jersey as early as 1941. Blood which 
was collected from a calf on this date was tested in 1957 and 
found to have antibodies to infectious bovine rhinotracheitis 
virus. 
McKercher and Straub (1960) made an isolation from Utah 
range cattle. Chow (1961) isolated the virus from calves from 
2 herds of range cattle in Colorado. 
Mare and van Rensburg (1961) repeatedly isolated a virus 
quite similar to infectious bovine rhinotracheitis virus from 
cases of infectious infertility (epivag) of South African 
cattle. 
A virus was isolated by French (1962a) from Australian 
calves affected with an encephalitis. Shortly thereafter, 
French (1962b) established the relationship of this virus to 
infectious bovine rhinotracheitis virus by physical and sero-
logical characteristics. 
Studdert et al. (1961) published an account of infectious 
bovine rhinotracheitis in Ontario, Canada. Chamberland et al. 
(1963) observed outbreaks of infectious bovine rhinotracheitis 
I 
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in 4 herds of da iry cattle in Quebec . 
Neutralizing antibody for i nfectious bovine rhinotrache-
itis virus was demonstrated i n cattle in southern Japan by 
Yamada et a l. (1964) 
As reports of infectious bovine r hinotracheitis were 
made, it soon became apparent that the disease was spr ead 
statewide , nationwide and worldwide . The sympto~s and lesions 
described were quite var ied . Although these differ ent condi-
tions were called infectious bovine r hinotracheitis, some had 
little or no resembl ance to an infectious tracheitis . However , 
the diagnosis was based on the isolation and identificatio~ of 
the v i rus . 
Several paper s were written by authors who observed only 
an upper respiratory infection. Others observed co~ju..~ctivitis 
without respiratory involvement . And still other workers 
observed abortion as the only manifestation of the d i sease . 
One will note the marked difference in characteristics of the 
disease in the references of French and Mare and van Sensburg. 
The virus was isolated by Abinanti and Plumer (1961 ) 
f rom a case of conjunctivitis . Within a week t wo thirds of a 
herd of Aberdeen Angus feeder cattle were affected with con-
junctivitis . They reproduced the disease with viral isola tes 
from the herd and with known infectious bovine rhinotracheitis 
virus . Barenfus et a l. (1963) described an outbreak of 
~eningoencephalitis in calves in Los Angeles county, Calif ., 
from which infectious bovine rhinotracheitis virus was isola ted. 
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The lesions and behavior of the affected animals differed 
little from any other case of meningoencephalitis caused by 
other agents. 
Van Kruiningen and Wolke (1963) observed an oµtbreak of 
infectious bovine rhinotracheitis in a dairy herd in New York. 
There was nasal and lacrimal exudation. Body temperature was 
elevated. Milk production diminished and ceased altogether 
in some cows. 
Another outbreak in dairy cattle in New York was report-
ed by Van Kruiningen and Bartholomew (1964). The usual symp-
toms, nasal and ocular exudation, elevated body temperature, 
salivation, dyspnea and cough, were observed. There was some 
loss in milk production and 2 abortions. One calf died. The 
lungs, as described by Van Kruiningen and Bartholomew, were 
congested, firmer than normal and red. The viscera were coated 
with a fibrinous exudate. The liver was mottled by white foci 
about 1 mm. in diameter. There were raised reddish-black 
hemorrhagic spots 1 to 2 mm. in diameter in the abomasal mucosa 
anterior to the pylorus. Grayish-white irregular clumps of 
caseous material adhered to the rum.en mucosa. Intranuclear 
inclusions were found in the epithelial cells adjacent to 
necrotic foci in the rumen. 
A severe case of keratoconjunctivitis was observed by 
Hughes et al. (1964 ) in California cattle. It resembled bovine 
infectious keratitis, but cornea l ulcera tion was absent. There 
was corneal opacity and vascularization. The ocular exudation 
... 
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was excessive and the hair on the face became matted. Infec-
tious bovine rhinotracheitis virus was isolated from the 
ocular exudate. 
The disease which was observed by Chow et al. (1955), 
Gillespie et al. (1957), Jensen tl al. (1955), Mcintyre (1954), 
Miller (1955), Schroeder and Moys (1954) and McKercher et al. 
(1954) was very characteristic of what the name implies--in-
fectious bovine rhinotracheitis. Nasal exudate and hemorrhag-
iconecrotic tracheitis were noted to occur with the greatest 
frequency. 
McKercher et al. (1955) thought that "rhinotracheitis", 
the term which was originally used by the Colorado group, 
would be very appropriate as a name for the disease and suggest-
ed that "infectious" and "bovine" be incorporated in the name 
so as to reflect its true characteristics. Hence, another 
disease, infectious bovine rhinotracheitis, was added to the 
steadily growing list of new bovine viral diseases. 
Gillespie et al. (1959) unexpectedly found that infec-
tious pustular vulvovaginitis virus (described by Kendrick et 
al., 1958) was neutralized by serum from a calf which had re-
covered from infectious bovine rhinotracheitis. How could 
these two viruses, infectious pustular vulvovaginitis and in-
fectious bovine rhinotracheitis virus, which caused clinical 
diseases of such great dissi~ilarity have any common character-
istics! A co~parative study of the two viruses was promptly 
undertaken • 
8 
Calves which had been injected with an infective dose of 
infectious bovine rhinotracheitis virus and allowed to recover 
were resistant to a subsequent challenge dose of virus. Like-
wise, calves which had been injected with an infective dose of 
infectious pustular vulvovaginitis virus and allowed to recover 
were resistant to a subsequent challenge dose of that virus. 
Each virus immunized calves against itself and against each 
other, and each virus was neutralized by its own antiserum and 
antiserum of the other virus. This was as they had expected 
to find it. 
Gillespie's group also noted that both of the viruses be-
haved almost identically when inoculated into cattle by the 
same route. Similar serum titers were achieved with both 
viruses. They concluded that the two viruses, infectious 
bovine rhinotracheitis and infectious pustular vulvovaginitis, 
were one and the same. 
This discovery was baffling to Gillespie and his col-
leagues. They were quite familiar with infectious pustular 
vulvovaginitis as a clinical disease, but they had no first-
hand knowledge of infectious bovine rhinotracheitis. It had 
never been diagnosed before in New York State. And yet, in 
1957, seru:n from 12 percent of 43 herds of dairy cattle con-
tained neutralizing antibodies to infectious bovine rhinotra-
cheitis virus. Similarly, there were relatively few clinical 
cases of vaginitis observed; however, in 1958, serum from 15 
percent of 53 herds of cattle had antibodies to infectious 
I 
i' 
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pustul a r vulvovaginitis virus. It became even more confusi!lg 
when the two viruses were neutralized by antibodies to the 
other. Bef ore fully a ccepting this new concept, Gillespie was 
caut i ous and sugges ted tha t the interrelationship of infect i ous 
pustul a r vulvovagi nit i s be g iven further study. 
With in a short time a f ter the work of Gillespi e and his 
collaborators , infectious bovine r hinotra cheitis was observed 
in t he eas t ern United Sta tes with g r eater f r equency. Baker et 
a l. (1 960) thought t hat the virus was capable of caus ing 
disease other tha n upper r espir atory i nfection. They s tudied 
the respons e of newborn calves to the virus. The calves became 
depressed and pyrexic. There was exces s ive sal ivat i on , diffi-
culty in swal lowing a nd anorexia . One- half of the experimen-
t a l ca lves died fro~ the infection. There were areas of foca l 
n ecros i s t hroughout the a limentary tract. Eos ino9hilic i nclu-
s i on bodies were found in nucl ei of epithelia l cell s in and 
a round t he necrotic foci. Contents of the a bomasum adhered to 
t he mucosa . 
I1cKercher (1963 ) ma d e a c omparative study of J European 
s t rains of Bl~schenausschlag (coital vesicula r exanthema ) virus 
wi t h a n i nfectious bovine rhinot racheitis i s ola te recovered 
from a n i nfected herd of da i r y cattl e in Ca lifornia . In cross-
prot ection tes t s , the ca lves wer e i m...'!lune to a challenge dose of 
heterologous virus . Sera fro.'ll calves whi c h were inocula t ed with 
eac h of 4 s tra i ns of virus cross reacted to the same ex t ent i:·1i th 
10 
infectious bovine rhinotracheitis virus in complement-fixation 
tests. The neutralizing indeces with all the viral isolates 
were very nearly the same. McKercher concluded that infectious 
bovine rhinotracheitis virus and Blaschenausschlag virus were 
the same. 
The time and manner in which the virus entered United 
States remains unknown. It is almost certain that the virus 
was introduced from Europe prior to 1930, as that was the year 
an embargo was imposed on importation of cattle from continental 
Europe. 
McKercher thought the reason that the virus was noted to 
cause only genital infection was because the animals in Europe 
were closely confined in small herds. Usually the only contact 
with animals outside of the herd was with the community bull. 
If the virus invaded the respiratory tract, it would not de-
velop suff 1cient virulence in so few cattle to cause clinical 
respiratory disease. The fact that dairy herds tend to be 
maintained on a closed-herd basis may account for the disease 
being confined to the genital tract in dairy cattle in eastern 
United States. 
Upon introduction into the western United States, the 
virus gained virulence because of the larger herd size and free-
dom of movement of cattle from herd to herd. Since most of the 
feedlot a nimals were either s teers or reproductively inactive 
heifers, the disease was little noticed as infectious pustula r 
I 
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vulvovaginitis. 
Studdert et al . (1964 ) became quite concerned over the 
fact that no one had reported infectious pustular vulvovagini-
tis in western United States. Since it was known that infec-
tious pustular vulvovaginitis and infectious bovine rhinotrache-
itis occurred quite frequently, why had they not seen infec-
tious pustular vulvovaginitis? 
An outbreak of infectious pustular vulvovaginitis occurred 
in a sizeable dairy herd in California. Experimental heifers 
were inoculated with a viral isolate from this outbreak and a 
California strain of infectious bovine rhinotracheitis virus 
for comparison . In cross-protection tests those animals which 
were inoculated with one virus were resistant to a subseque~t 
challenge dose of the other virus. Antiserum to each virus 
neutralized the other virus in cell cultures. 
A great deal of mystery prevailed concerning the role of 
I infectious bovine rhinotracheitis virus as the etiological 
) 
j factor in abortion . It was of ten suspected as being the cause 
but not fully confirmed. Crane et al. (1964) studied a herd of 
beef cattle in California in which there had been many abor-
tions. A number of different causes of abortion were confiI'!lled. 
On the basis of isolation and identification of infectious 
bovine rhinotracheitis virus from the aborted fetuses, they 
concluded that there was a prenatal infection initiated by 
infectious bovine rhinotracheitis virus. The dams which aborted 
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their fetus had serum titers which rose as high as 1:160. 
McKercher and Wada (1964) expressed doubt that infectious 
bovine rhinotracheitis virus could cause abortion. Since the 
disease had been present in United States for 12 years without 
confirmed reports of abortion, it was thought that it could 
not cause abortion. Furthermore, the vaccine had been in use 
since 1957 without any known adverse affects. Nevertheless, 
many practitioners insisted that they had sufficient evidence 
that some abortions resulted from infectious bovine rhino-
tracheitis. 
f.lcKercher and Wada stated that a viremia was necessary 
for the virus to invade the uterus and so far many attempts to 
demonstrate viremia were unsuccessful. It is not known if their 
statement implies that some attempts to demonstrate viremia were 
successful . French (1962) isolated the virus from the blood 
stream. The virus, which is not highly concentrated in the 
blood, can be isolated quite readily from blood leucocytes. 
Even though French did not consider this state to be a true 
viremia, it was enough to dispel McKercher 's disbelief. The 
virus could invade the uterus by adhering to circulating leu-
cocytes. McKercher and Wada induced abortion in 6 out of 7 
experimentally infected cattle. In conclusion, they said it 
was by inference that they believed the virus had undergone 
some change which enabled it to cause this new manifestation of 
disease but had not changed in its antigenic behavior. I . 
t 
'· 
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An investigation by Chow et al. (1964) made it rather 
conclusive that infectious bovine rhinotracheitis virus could 
and did cause cows to abort their fetus. These investigators 
injected infectious bovine rhinotracheitis virus into pregnant 
heifers in various stages of pregnancy. The heifers became 
febrile and gave birth to still-born calves. The virus invaded 
the uterus, becoming well established before maternal antibody 
was formed. Since globulin does not cross the maternal-fetal 
barrier, the virus was uninhibited and caused abortion. 
Apparently, Owen et al. (1964) did not agree with Iv!cKerch-
er and Wada that infectious bovine rhinotracheitis virus had 
undergone some sort of change in order to cause abortion, but 
felt that this new disease-producing potential acquired by the 
virus had been present all the time and had been overlooked. 
The work of Chow, Molello and Owen was continued by Owen, 
Chow and Molello. Previously, they studied the capability of 
infectious bovine rhinotracheitis virus to cause abortion and 
the susceptibility of cattle in the lst and 3rd trimester of 
pregnancy. In continuance of their work, they studied the 
abortifacient effects of infectious bovine rhinotracheitis 
virus, the susceptibility of the fetus at different stages of 
develop~ent and the gross and microscopic changes in the fetus. 
Heifers which had been inoculated responded with charac-
teristic clinical signs of uncomplicated infectious boyine 
rhinotracheitis. Abortions occurred in the 1st and 3rd tri-
-----------------~,------i-.--........... ....... 
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mester of pregnancy. Those fetuses which were aborted or dead 
in utero differed in appearance from those of normal heifers in 
that the skin was slightly edematous. Gross lesions could not 
be detected internally in the dead fetuses. Microscopic exam-
ination disclosed focal necrosis of hepatic and splenic cells. 
There was lymphocytic infiltration in the liver and spleen of 
aborted and dead fetuses in the Jrd trimester. Intranuclear 
inclusion bodies were not found in the spleen and liver. 
Respiratory and gastrointestinal mucosa were not examined for 
inclusion bodies. 
As a result of their investigation, they recommended 
that the pregnant females not be vaccinated. 
Madin et al. (1956 ) were the first to successfully iso-
late the virus of infectious bovine rhinotracheitis in bovine 
embryonic kidney cell culture from nasal exudate from experi-
mentally infected calves which had been infected with nasal 
exudate from naturally infected beef and dairy cattle in south-
ern California and from beef cattle in Colorado feedlots. The 
virus was cytopathogenic . They were unsuccessful in their 
attempts to isolate the virus in mice, guinea pigs and embryo-
na ted chicken eggs . They were able to reproduce an acute 
upper respiratory condition in cattle similar to that reported 
by Schroeder and Moys and Jensen et al . with the virus which 
was isolated from the nasal exuda te. There was cross neutral-
i zation with the California agent and the Colorado isolate. 
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Freezer life of the virus was 7 months at -79°C. The virus 
remained viable for 96 hours a t 37°c. 
Pers istence of the virus in infected tissues was studied 
by McKercher, Wada and Straub (1963 ). They isolated the virus 
from ocula r tissue and from contiguous lymph nodes 6 days post-
inocula tion. The virus pers i s t .ed in nasal secretions for as 
long as 9 days a nd in the l a rynx for 12 days. The virus wa s 
i s ola ted from other tissu es of the body but its presence was 
inte r p reted as resulting from circulating leucocytes. 
Chara cteriza tion of infectious bovine rhinotracheitis 
virus was a dvanced cons idera bly as a result of the contribution 
by Arms trong , Pereira and Andrewes (1961). They suggest tha t 
infectious bovine rhinotra cheitis virus be clas sified in the 
herpesvirus group because of the type of cytopathic effect it 
produces in cultured cells . Like other members of the herpes-
virus group it is ether sens itive , a DNA virus and forms t ype 
A intranuclear inclus ion in the cultured cells. The intra.nu-
clea r virus is enclos ed by one membrane, and the cy t opl asm i c 
virus is enclosed by t wo membr anes . 
The growth r a t e , pl a que forma t i on, thermos ens itivity, 
a bs orption kinetics a nd k inetics of viral replication were 
s tudied by Stevens a nd Groman (1963 ). They cultured the virus 
in Madin-D:lrby bov ine kidney cell line (MD::SK ). According to 
t he ir a ccount, the virus appear s in the cell 4 hours before 
burs t time . 
Later, Stevens a nd Grooan (1964 ) noted t ha t unabsorbed 
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virus was destroyed by trypsin. Plaques continued to enlarge 
in the presence of antiserum. Sonic treatment for 1 minute was 
as effective in causing the release of the virus from the cell 
as was freezing and thawing. Among their observations was the 
fact that intranuclear inclusions formed prior to the release 
of mature virus. Rounding of the infected cultured cell 
coincided with the formation and release of mature virus. 
Inclusions were noted as early as 8 hours postinoculation. The 
maximum virus titer was attained at 20 hours postinoculation in 
the MDBK cell line. Plaques were thought to be formed by: 
nonnal but unassayable infective virus that passes from cell to 
cell; subviral particles that pass between contiguous cells; a 
classical toxin which caused a self-sustaining molecular dis-
organization. 
A statistically designed serological survey for infectious 
bovine rhinotracheitis antibodies in Massacheusetts cattle was 
conducted by Smith et al. (1964). They used random sampling 
to obtain the sample population. A stratified quota sample 
was used in which each county constituted a stratum. The 
number of serum samples from each county was in proportion to 
the number of cows within that county. About 100,000 cows were 
represented in the survey. 
They found that 12.7 percent of all serum samples tested 
contained antibodies to infectious bovine rhinotracheitis virus 
and that 18.5 percent of all herds tested contained reactors. 
In most instances, a single positive serum sample accounted for 
~, .. ·. .. . . . . . . . . . . . . ~":\ 
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the reactor status of the herd. There were no reactors from 
vaccinated herds . 
Kahrs et al. (1964 ) designed a serological survey of 
dairy cattle in New York. One thousand serum samples were 
allocated to 53 counties on the basis of their respective 
cattle populations. Since they did not receive the desired 
number of serum samples from each county, the contribution of 
each county to the state total had to be weighed to allow for 
missing serum samples. The average incidence per herd for 
infectious bovine rhinotracheitis was 13 percent. 
Other reports of serological tests on collections of sera 
were made by Gillespie et al. (1957), Newberne et al. (1961) , 
Greig (1961) and Niilo et a l. (1962 ). The percentage of re-
a ctors ranges from 8.1 percent to 37 percent. It will be 
noted by these surveys that infectious bovine rhinotracheitis 
has become widespread and is often of subclinical nature. 
18 
MATE:SIALS AND METHODS 
The Sample 
The sample* was obtained from stock cow herds in Iowa be-
tween June 1, 1963, and May 31, 1965. About 85 percent of the 
sample was procured in the first 15 months. The sera were 
obtained from the State-Federal Brucellosis Laboratory during 
the period when the cattle population of Iowa was being tested 
under the Cooperative State-Federal Brucellosis Testing Program. 
The sample was limited to stock cows because this was the only 
class of cattle which would provide the mos t complete sample. 
That is, the researcher would have access to nearly the entire 
population of this class of ca ttle. Whether or not the cattle 
had brucellosis in no way had any bearing on this survay . It 
was very convenient to obtain the sera with the least amount 
of time and effort expended. 
Feeder cattle would not provide a satisfactory sample as 
there would be so f ew specimens submitted from this group. 
D3.iry cattle were excluded because the Brucellosis Sing Test 
was used quite gener ally to disclose reactor herds. Then, only 
sera from rea ctor herds or herds being disper sed by sale were 
submitted to the laboratory f or tes ting . These factors virtu-
ally eliminated all but the s tock cows . Even s o, some were 
*Her eafter, sample, when used as such , refers to the 
entire collection of ser a for this survey. 
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unavailable as they were calfhood vaccinated against brucel-
losis or that the animal had been tested quite recently and the 
g race period had not expired. 
Further limitations to the sample size were encountered. 
Only a limited number of counties were made eligible to test. 
The original group consisted of 36 counties quite evenly dis-
tributed over the state. Two more were added shortly after the 
program got under way. This made a total of 38 (Fig . 1). 
The size of the sample was based upon the Agriculture 
census of 1959. The census figures are t abulated in Table 1 
of the appendix. 
The sample was completely randomized. The test cha rts 
were examined daily and the number of serum samples received 
from each county was recorded separately. A running total was 
kept for each county so that the serum samples could be prop-
erly selected. Each of the 38 counties was given a 3-digit 
number called the "start number". The purpose of this was to 
avoid any bias which might be introduced by commencing the 
seru.~ collection from each county on the same day at the same 
time. 
For instance, the start number for Allamakee county was 
599. It took 27 days to accumulate this total. The start 
number for Appanoose county was 453. This total was reached 
within 15 days after the first serum samples arrived. 
A sample of 3 sera was taken from the herd that raised 
Figure 1. 
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the running total number of cows equal to , or greater than , the 
start number . From this point on each sample of 3 was taken at 
an interva l of 700 until all of the se~um. samples from the 
county had been received . A :ne.ximum. of 3 ser a from ea ch herd 
was included in the composite sample . 'rhis was determined by 
random selection. If there wer e only J cows , or less , in the 
herd all of the sera were included in the sampl e . Fortunately, 
all of the herds were at least 3 cows , or more , in size . 
....... 
Each serum sample was coded with the number of the county 
from which the cattle orig inated and an acc ession number for 
that county . After separa ting the serum fro:n the clot by cen-
trifugation, the seru:n was heated for JO minutes at 56°c . 
Several drops of penicillin- s treptomycin solution were a dded to 
the serum a ccording to the amount of serum saved . The tubes 
were stoppered , cartoned a.ccording to county, placed i?J. t he 
freezer and held a t -2ooc . until ti:ne of testing . 
The sample resulted in a collection of 2205 sera . To 
test this many sera would be a task of much greater magnitude 
than could be accomplished in the alloted time . It was decided 
t o decrease the sample by one- half . This was done by deleting 
1 out of 4 herds a nd further deletirl6 1 cow fro::n each of the 3 
remai ning herds . Four herds of 3 cows each made a tota l of 12 
samples . Deletion of 1 herd left 9 samples . Deletion of 1 
cow from ea c i:1 of the 3 remaining herds resulted in 6 sa:nples 
for tes t. 'I'hus , t he sample wa s reduced by one- ha lf . 
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The Virus 
The Colorado strain of infectious bovi~e rhinotra cheitis 
virus was obtained from Dr . c. E. Phillips .* A pool of this 
virus was grown on bovine testicle cell monolayers. It was 
stored in 1 ml . a liquots a t - 20°c. The titer of each batch 
was determined according to the method of Reed and Muench 
(1938 ) and appropriate dilution made s o that 1000 50 percent 
ti ssue culture infective doses (TCin50 ) were subjected to the 
neutra lizing action of 1 ml . of tes t serum. 
This particular batch of virus was prepared and frozen 
Oct. 31 , 1965. The titer was 3. 6 x 108 • The virus was titered 
weekly com~encing Jan. 6 , 1966 , (Tabl e 2 of the appendi x ). 
The potency of the virus was maint ained for 90 days 
before it diminished noticeably. A change in potency of t he 
virus was u sually noted in the titration of t he positive sera ; 
the end- point was no t as cleB.rly defined . This weakness of 
the virus would have a t endency to create higher s erum titers . 
Virus of low titer see~ed to be equally as effective as virus 
of higher titer in determining pos itive or negat i ve s erwn . 
*Chief, 31ologics Service , ~ational Ani~al Di sease 
laboratory , A:nes, Iowa 
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The Cell Culture 
Glassware 
All glassware was s oaked in Haemo- Sol* for at least 12 
hours. Each item was brushed 10 to 12 times and rinsed 8 times 
in deionized distilled water . After the glassware had been 
dried in an oven at about 45°c., it was prepared for sterili-
zation by autoclaving . The tops of the flasks were covered with 
aluminum foil. Test tubes were placed in racks and covered with 
paper tops fashioned for easy removal and reuse. The caps were 
placed open-end down in petri dishes. Syringes, forceps and 
scissors were wrapped in envelopes designed for autoclave 
sterilization. 
Media 
Hanks ' and Earle's balanced salt solutions were used to 
e·stablish and maintain the cell cultures. Each solution was 
compounded at l X s trength according to the following formulae: 
Hanks ' Balanced Salt Solut i on 
NaCl 8 G. 
KCl o.4 G. 
CaC12 0.14 G. 
Mgso4 • 7H2
0 0.1 G. 
MgC1 2 •6H20 0.1 G. 
*Regi s tered trademar k of Meinecke and Co ., Inc. 
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Na2HP04 • 2H2o 0.06 G. 
KH2 Pol.!. 0.06 G. 
Glucose 1 G. 
NaHCOJ 0.35 G. 
Earle ' s Balanced Salt Solution 
:NaCl 6.8 G. 
KCl o.4 G. 
CaCl2 0 . 2 G. 
MgS04 • 7H20 0.2 G. 
NaH2P04·H20 0.125G. 
Glucose 1 G. 
NaHCOJ 2. 2 G. 
Iacta lbumin hydrolysa te was added to each formula at the 
r a te of 5 grams per liter . Phenol r ed , 0.02 grams per liter, 
was added for pr.I indica tor . All of the ingredients were 
weighed on an anal ytical balance and , with the exception of 
sodium bicarbona te, were combined in a volu.11etric flask and 
dis solved in deionized distilled water . Not all of the 
dis tilled water was added at this ti:ne. The flas lc was filled 
so that the water level was well below the neck. ~hen the 
flask was filled too full it acted as a perculator and some 
of the contents would be lost in the autoclave . The flask was 
capped with a pi e ce of a lu.11inU!Il foil and sterilized in the 
autoclave for 15 mi n . a t 121°c. u.."11.der 15 l bs . pressure. r,fhen 
•I 
·1 
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the contents of the flask had cooled sufficiently following 
sterilization sodium bicarbonate, which had been sterilized by 
filtration through a Selas 03 filter, was added and the entire 
volume extended to 1 liter by the addition of sterilized dis-
tilled water . Penicillin and streptomycin were added at the 
rate of 100 units and 100 mg . per ml. of medium, respectively. 
Serum 
One hundred milliliters of ovine serum were added to 900 
ml . of balanced salt solution to provide growth medium for the 
cell cultures. The serum was processed from sheep blood from 
the market flock owned by Iowa State University. Several 
lambs were slaughtered at one time at the Univers ity's meat 
laboratory. The blood was collected in buckets and allowed to 
clot. The serum was poured off and centrifuged to remove 
cellular components and heavy impurities . The seru:n was passed 
through clarifying filters and sterilized by passing it through 
a D-8 Seitz filter. The sterilized product was bottled, frozen 
and held at - 20°c . until it was thawed and incorporated in the 
balanced salt solution. 
Tryps in solution 
Two g rams of trypsin 1 : 250* were combined in 1 liter of 
saline of Ham and Puck (1 96 2) : 
*Difeo Iabora tories, Detroit, Michi gan 
~~~~--------------------............................................................. ~ 
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Glucose 1 G. 
NaCl 8 G. 
KCl o.4 G. 
Na:a:2Po4 • 7a2o 0.045 G. 
~P04 0.03 G. 
Ca Cl 2 • 2n2 0 0.016 G. 
The solution was sterilized by filtration . It was bottled , 
frozen and s tored a t -20°c. until needed . 
Calcium ions are very essential for the proper action of 
trypsin on bovine testicular tissue. The lack of calcium ions 
results in the for~ation of a soft gel-like mass instead of a 
uniform s uspens ion of cells . 
Cell source 
Bovine testicles served as t he source of cells for the 
cell cultures . The testicles were obtained at the abattoir 
fro~ vea l ca lves at the time of s l aughter. The tes ticle was 
removed fro~ the ca rcass with both the tunica communis and 
tunica vaginalis inta ct with 3 to 4 inches of sper.natic cord 
a tta ched. By l eaving the tunics inta ct and a stump of sper:nat -
ic cord, the natural s terile environment within these s truc-
tures was preserved . 
Upon r emova l of t he tissu es , t hey were pl a ced in pl ast ic 
bags , ic ed and delivered to the laboratory during the next 12 
to 16 hours . Thi s time in trans it did not seem to ha ve any 
appreciable a f fect on the viability of the cell. 
. 
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Cell culture procedure 
It is a tedious process to remove the parenchymatous 
tissue from within the testicle without contaminating it. The 
operator must be meticulous. With practice one can beco~e quite 
proficient at this task. 
Instruments required to obtain the parenchymatous tissue 
from the testicle are sterile petri dish, scalpel, 2 curved 
thumb forceps, scissors, hemostat, 100 ml. beaker filled with 
70 percent ethyl alcohol and bunsen burner. The alcohol will 
serve to sterilize the instruments during the process of re-
moving the parenchyma. Instruments are left in alcohol until 
needed. The alcohol is removed by touching the instrument to 
the flame and allowing the alcohol to burn off. Repetitio~ of 
this flaming process 3 times is sufficient to heat sterilize 
the instruments and also remove all of the alcohol . The 
temper and fini s h of the instruments are not damaged by this 
method . 
Excess fat, hair and fascia are re~oved from the testi-
cle. Assuming one has more control over the right hand than 
the left, grasp the hemostat with the left hand. The testicl e 
is positioned so that the tunic attachments running along the 
long axis of the testicle are toward the operator. The liga-
mental structures are grasped with a thumb forceps in the 
right hand. The forceps a re transferred to the left hand and 
positioned between the thumb and index finger. The hemostat 
i s held in the palm of the left hand extending between the last 
----------------------------------~-
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2 fingers . If properly held, one can spread the fingers and 
produce tension on the cord. 
The cord is severed in one bold cut at the epididymis 
with scissors which have been flamed . Thi s must be done so as 
not to expose any of the parenchymatous tissue . The naturally 
steril e field must be preserved. The tension causes the tunica 
vaginalis to draw back upon the testicle and expose the tunica 
comm.unis . The outer tunic is completely retracted with the 
fingers taking .care not to touch the tunica communis . Tne 
tunica vagi nalis can be removed at its ligamental attachment by 
manipulating the hemostat and thumb forceps . 
The hemostat is repositioned at the sa!Il.e location on the 
testicle taking care to put tension on the tunica communis so 
that when it is cut the internal contents are forced outward . 
·rhe tunica co!Illilunis is cut with sciss ors from the Sa!Il.e end as 
before but close enough to expose the parenchymatous substance . 
By applying pressure with the fingers the contents can be 
squeezed out . One must be cautious and exercise care so as not 
to contaminate the exposed tissue. The contents are removed 
with a sterile forceps that have not been previousl y used and 
transferred to the petri dis h. 
There i s a central core of dens e connective tissue with in 
ea ch interna l 'Jlass . It is well to remove this as it will not 
yield many cells a nd serves only to bind a c erta in amount of 
proteol ytic a ctivity of the tryps in . rhis can be done by 
'I 
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teasing the soft tissue from the core of dense tissue. 
The teased tissue and tryps in a re combined in a trypsini-
zing flask placed on a magnetic stirrer for masceration which 
takes about 15 minutes. The coarse shreds of tissue are fil-
tered out on sterile gauze . The filtrate is centrifuged at 
1000 rpm. for 10 minutes. The supernatant is decanted. The 
sedimented cellular portion is suspended in Hanks ' balanced 
salt solution. A hemocytometer is charged with the cell sus-
pension and the number of cells per milliliter is determined. 
The cell suspension is standardized at J,000,000 per ml. in 
Hanks' balanced salt solution conta ining 0.5 percent lactal-
bumin hydrolysate, phenol r ed and 10 percent ovine seru~. One 
milliliter aliquots a re placed in screw-cap roller tubes which 
were sterilized in tes t tube r a cks with paper covers adapted 
for this purpose . 
The entire rack of tubes i s filled at one time with a 
self-filling pipette . Each tube is capped and placed in a 72-
space rack for incubation. In order to maintain the tubes in 
an oblique position, it is necessary to place a ca rdboa rd 
spa cer between each row of tubes . This gives the same degree 
of slant to each row of tubes . The seeded tubes are incubated 
at 37°c. in a conventiona l incuba tor. Since the tubes are 
sealed with rubber-lined s crew caps , no specia l gas environ-
ment i s required . 
The medium i s litera lly pour ed off and r epl aced after the 
firs t 24- hour incubation period . A confluent monolayer devel -
-........ _. .......... -................................................................ - . 
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opes within 72 hours. The monolayer is suitable for inocula-
tion at this stage. 
Serum Neutralization 
Four-tenths milliliter of test serum was delivered into a 
clean test tube. An equal amount of infectious bovine rhino-
tracheitis virus which had been diluted with Hanks' balanced 
salt solution to contain 2000 Tcrn50 per ml. was added to the 
serum. This constituted the 1:2 dilution of the serum. Each 
0.1 ml. of the resultant mixture which became the inoculum for 
the monolayer contained 100 TCrn50 • The test serum and virus 
were allowed to react at room temperature for a period of 30 
minutes. 
Inoculation of the Cell Monolayer 
Each of 5 tubes containing a confluent monolayer was 
inoculated with O.l ml. of the inoculum prepared in the serum 
neutralization step. The tube was appropriately labeled and 
incubated in an oblique position for 30 minutes at 37°c. to 
permit absorption of unneutralized virus by the cells of the 
monolayer. One milliliter of Earle's balanced salt solution 
containing phenol red and 0.5 percent lactalbumin hydrolysate 
was added to the test tubes following the absorption period. 
Again the tubes were returned to the incubator and incubated -
in a stationary oblique position at 37oc. for 72 hours 
~ 
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The Cytopathic Effect 
Infectious 8ovine rhinotracheitis virus causes a cyto-
pathic effect in the monolayer. The a ffected cells beco~e 
more refra ctile, round instead of spindle- shaped and loosen 
from the gl ass . This pheno:nenon :nay occur in s:nall i sol a t ed 
areas or beco~e qui te diffuse throu5hout the entire ~onolayer . 
Sometimes the enti re monolayer i s loosened and s lides down the 
tube in a fil:n . 
Prior to the a c tual testing of the s uspect seru11 , prelim-
i nary tris.l s were made with known pos itive and negative se~ 
to determi ne t he number _of TC ID so which woul d g i ve the best 
r esults . Actua ll;t• , there was no s i gnificant difference i n the 
r esults with 50 TCID50 to 200 Tcrn50 • For ease of ca lculation 
i t was decided that the infective dose of virus would be 100 
TCID50 · 
Followi ng the 72- hour incubat ion period , each tube which 
had been inocula ted with the serun- virus mixture was e:<:a:nined 
under the microscope a t loo:c. Presence of the cytopathic 
effect in the cell :nonol ayer was used as the basis for class i -
f y i ng the ani mal from whi ch the test seru.11 orig i nated a non-
r eactor . Thi s i s to mean that the aninal did not have serum 
neutralizing antibodies for infec tious bovi ne rhinotra che i tis 
viru s . Seru:n conta inin3 neutralizin3 an tibodies r endered t~e 
virus ina ctive, per~itting the inocula ted cell ~onolayer to 
develope normally . :Jo~ors of this s er'..l:l were cons idered to be 
=I 
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rea ctors . 
Control cultures , uninoculated and inoculated with virus 
only, were included with each group of tests . 
Serum Titer 
All sera were assayed at 1 : 2 dilution . Those which were 
found to contain antibodies to infectious bovine rhinotrache-
iti s virus were further examined to determine the concentratio~ 
of antibodies present . Each serum r eacting at the 1:2 dilution 
was further diluted commencing wi t h 1:4 and continuing through 
1:64 , or gr eater, if necessary. Routinely , the serum was 
tested at 1:4, 1:8 , 1:16 , 1: 32 , and 1 :64 dilutions by the pro-
cedure described above . 
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RESULTS 
From the serum-neutralization tests assayed in bovine 
tes ticle cell culture it was found that 24 . 1 percent (Fig . 2) 
of the 1106 samples tested contai ned ant i bodi es t o i nfecti ous 
bov ine rhinotracheitis virus and that 36 . 3 percent (Fig . 3) of 
the herds tested were reactor herds . In 33. 3 percent of the 
r eactor herds both cows representing the herd reacted positive-
l y ; whereas in 66 . 2 per cent of the reactor her ds only 1 of the 
2 cows wa s positive . There were no reactor animals in 63. 8 
percent of the herds tested . The greatest number of reactors 
occurred at the 1 : 2 dilution . Forty- four and one- half percent 
of the reacting cows reacted a t this dilution . In subsequent 
order 18 . 7 percent reacted at 1 :4 ; 17 . 6 percent at 1 :8 ; 10 . 8 
percent , at 1:16 ; 7 . 8 percent, at 1 : 32 ; none , a t 1 :64 ; and 
0 . 37 percent, at 1 :1 28 . Thes e results are recorded i n Table 5 
of the a ppendix . The highest titer , 1 :128 , occurred in a cow 
f rom Allama kee county. 
Occa siona lly a serum was found to conta in an overwhelmi ng 
popula tion of ba ct eria which had n o t been destroyed by pasteur-
iza tion of the seru.rn a nd bacteriocidal action of antibiotics . 
This difficulty was overcome by rerunning the test and reading 
the results at 24- , 36-, 48- and 60- hour interva l s . The cyto-
pa thic effect in a negative s er~ us ua lly wa s detectable a t 36 
hours a ft er inocula tion . Sometimes the serum wa s tenta tively 
class ified a s pos itive and a titra tion was ma de. Dilution of 
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the serum resulted in diluting the microorganisms, and as a 
result the cytopathic effect could be more clearly detected at 
higher dilutions. 
Figure 2. 
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DISCUSSION 
This study was undertaken to ascertain the incidence of 
infectious bovine rhinotra cheitis in Iowa stock cows by serum-
neutralization tes t s in cultured bovine testicle cells . Random 
sampling was used enabling one to obtain reasonably accurate 
results by testing a relatively few serum samples. There a re 
514,919 cattle from 22,078 herds represented by the sample. 
From the serum-neutralization tests it was found that 24.1 per-
cent of the 1106 sera tes ted conta ined antibodies to infectious 
bovine rhinotra cheitis virus and tha t 36 . 3 percent of the herds 
represented conta ined reactor animals. 
The statistical design of this survey places it in a 
category compa r able to the work of Smi th et a l. (1964) and 
Kahrs et a l. (1964 ). Smith et al. took their sample in Massa-
chus etts at r andom from a str atified quota in which each county 
cons tituted a str atum . The sample , t aken from 10 percent of 
the cows from 10 percent of the herds in a county, represented 
about 100,000 cows . They found that 1 2.7 percent of a ll serum 
samples tested contained antibodies to infectious bovine r hino-
tracheitis virus and that 18 .5 percent of all herds t es ted con-
t a ined rea ctor s . Ka.hrs et a l. designed a survey of dairy 
ca ttle in New York in which 1000 serum sampl es were a llocated 
to 53 counties on the bas i s of their respective ca ttl e popul a -
tions . Their survey was somewhat weakened because they were 
unable to acquire all of the allotted ser um samples . They 
38 
found the average incidence per herd for infectious bovine 
rhinotracheitis was 13 percent. 
For practical purposes the rate of infection as found by 
Smith and Kahrs, 12.7 percent and 13 percent, respectively, is 
the same. The rate of infection, 24.1 percent, in the Iowa 
cattle as determined in this survey is nearly twice as great 
as that in Massachusetts and New York cattle. 
Several more limited surveys for antibodies to infectious 
bovine rhinotra cheitis virus have been reported. These were 
either restricted to a small area or to only a few herds. 
Gillespie et a l. {1957 ) surveyed 43 herds of New York dairy 
cattle and found 1 2 percent of the herds had cows with neutral-
izing antibodies to infectious bovine rhinotra cheiti s virus . A 
similar survey of 53 herds was made for neutra liz ing antibodies 
to infectious pustular vulvovaginitis virus in which 15 percent 
of the herds were found to conta in reactor animals. Greig 
{1961) obtained a random collection of bovine sera from ca ttle 
in s outhern Ontario, Canada. He tested 1365 sera and found 
8.1 percent of the cows and 18.9 percent of the herds had anti-
bodies to infectious bovine rhinotra cheitis virus . Niilo et 
al. (1962 ) tested 1000 bovine sera from 55 herds representing 
50 percent of the cattle in Alberta, Canada. He found neutral-
i z i ng antibodies in 37 percent of t he cows . Newberne ~ al . 
(1961) tes ted 2190 ser a of which 35 percent contained anti-
bodies t o infectious bovine rhinotracheitis virus. These sera 
ha d been sub~itted to t he labora tory for various diagnostic 
~ " •.. ".': ........ _ .... ,'. . " . . . .. . . '. . . .. . 
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tests. Many of the sera were from clinically affected animals. 
Tne incidence of infection r anges from 8.1 percent to '.37 
percent depending upon the location of the cattle and the 
nature of the serum samples . 
What f a ctors a r e nresent (or absent) in Iowa that differ 
from Massachusetts and New York that cause or contribute to 
this greater incidence of infectious bovine rhinotra cheitis? 
McKercher thought small herds and fewer replacements within 
the herd kept the virus at low virulence and reduced the spread 
of the disease. This statement would apply to the eastern 
cattle herds . It could very well apply to the Iowa stock cow 
herds . Repl a cements a re usua lly off-spring of cows within the 
herd. Occasionally a f ew new heifers are introduced into t he 
herd , and the herd sire i s replaced periodically. 
Could it be that the large feeder cattle population which 
is imported into Iowa through salesbarns and central markets i s 
a source of infectious bovine rhinotracheitis? Many Iowa stock 
cow owners purchase feeder ca ttle to be fed along with their 
loca lly raised ca lves and yearlings . Even though these new 
cattle do not often mingle with the breeding animals, they are 
present on the pr emi ses and may share the watering t ank wi th 
the breeding herd. The breeding herd being in such close prox-
imity to the feeder animals could conta ct infectious bovine 
rhinotracheitis . Since cattle have a tendency to muzzle each 
other, t h i s could place a s usceptible a nimal in direct contact 
with infective material. Virus which is el iminated i n nasal 
40 
exudate from infected individuals may be discharged into the 
watering tank, and in this way susceptible cattle would be in-
directly exposed to infectious bovine rhinotracheitis virus. 
It seems as though the disease is more contagious and 
more easily transmitted in the respiratory form than in the 
genital form. The respiratory form had not been recognized in 
eastern United States until 1959, although workers in eastern 
United States and Europe had been well acquainted with the 
genital form for several years. The lower incidence of infec-
tious bovine rhinotracheitis and/or infectious pustular vulvo-
vaginitis in eastern cattle is indicative of the less con-
tagious genital form. The respiratory form was first diagnosed 
in Colorado feeder cattle and then in California dairy cattle. 
Cattle operations in both of these areas are on a large scale. 
There is continuous movement of cattle in and out of the herd. 
Such traffic is lacking in the eastern cattle herds. The way 
in which feeder cattle are moved about, intermingled and housed 
is quite conducive to the spread of infectious bovine rhino-
tracheitis, and one could expect to find a higher incidence of 
the respiratory form of infectious bovine rhinotracheitis in 
the feeder cattle of the We s t and Midwest, particularly Iowa. 
If one were to draw an imaginary line in an east-west 
direction about midway through Iowa, dividing the state into 
a northern section and a southern section, all of the counties 
with 51 percent, or more, herd infection are found in the 
-~ ............. ......... · .... ·. .. . . . . . . . . . 
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northern section. Many more feeder cattle are shipped into 
the northern section of the state than the southern s ection. 
The scope of the present investigation does not a llow more than 
speculation on this point . Additional research would be neces-
sary to establish the relationship, if any, of feeder cattle 
traffic to the incidence of infectious bovine rhinotracheiti s. 
Smith .!::! al . obtained herd history by way of a question-
naire and concluded that the cattle in their survey were clin-
ically healthy. There was no history readily available for 
any of the herds in the Iowa survey or for the herds in the 
survey by Kahrs et al. These, too, were assumed to be clinic-
ally healthy cattle. The initial and primar y purpose for 
obtaining these sera was for the brucellosis tes t and not be-
cause the a nimals were suspected of ha ving infectious bovine 
rhinotracheitis . However , one must keep in mind that some 
individuals may have been convalescing from a r ecent infection 
of infectious bovine rhinotracheitis. 
Once serological data has been a cquired, they require an 
interpretation. What does it mean to find circulating neutra -
lizing antibody to infectious bovine rhinotracheitis virus in 
the serum? How did the ani mal a cquire these antibodies? Was 
it as the result of an active infection? Or was it due to 
vaccination reaction? 
The levels of detectable antibodi es , which are c~nsidered 
to be s i gnificant , va r y in different diagnost ic tes t s . Neutra-
lization titers of 1:2, or h i gher, in the s erum of ca ttle a r e 
• 
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associated with infection with infectious bovine rhinotrache-
itis virus. Such infection may be the result of either natural 
exposure or vaccination with a modified live virus . 
Although it may not have been general practice to vacci-
nate Iowa stock cows , it is quite possible that so:ne cows may 
have been recently vaccinated against infectious bovine rhi no-
tracheitis . ~hat allowances should be ::nade for the presence of 
ant i bodies to infectious bovine r hinotracheitis virus resulting 
from vaccination? According to the literature c i ted , t here is 
general agree:nent that there is no serum titer following the 
admi n i stration of a single dose of vacci~e under fiel d condi-
tions . However , Pastier and Smith (1962 ) demonstrated seru;n 
titers r anging from 1:8 to 1 : 32 JO days following vaccina tion. 
Fastier and Smith administered the vaccine intramu s cular-
ly in preference to intranasal instilla tion . This method of 
inoculation resulted in establishing a state of i.11.Illunity with-
out caus ing respiratory symptoms and without disseminating the 
virus in the nasal exudate . In order to abolish the property 
of causing respiratory symptoms following intranasal ins tilla-
tion the virus would have to be so grea tly attenuated that its 
iE!luno3enicity would be des troyed . One should keep in mind 
tha t Fastier and Smith were working with a New l ealand strain 
of infectious bovine rhin~tracheitis virus and in an environ-
ment unlike that of the United States . Perhaps the ~ew Zeal and 
s train of virus does en5ender detectable ant i bodies following 
"'~ .. \. ' ... .. ·: .. · . . . -. . . . . . . . . . 
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Serum neutra lization tests to detect the presence of 
circula ting antibody to i nfect ious bovi ne rhinotracheitis 
virus have been performed a t the Iowa Veterinary Diagnostic 
labora t ory for 18 ~onths . * There have been 507 tests made of 
which 27 . 6 percent were pos itive. Mos t of the donors of the 
serum were not va ccinated or t he da t e of va ccina tion was not 
r ecent enough for the owner to r ecall t hat the ca ttle had been 
vaccinated . In one specific i ns t anc e a herd of feeder ca ttle 
had been i njected with infectious bovine rhinotracheitis va c -
cine on 1\J'ov . 11, 1965, and again on Jan . 1 , 1966 , with a co:n-
bination of infectious bovine r hinotracheitis and bovine virus 
dia rrhea va ccine . Se r um was obtained on J anua ry 10 fro:n 1 
ani~al . Seru,.~ from t h i s ani mal did not conta in neutral i z ing 
ant i body for infectious bovine rhinotracheitis virus . The 
s erum did have an a ntibody titer of 1:64 to bovine virus 
dia rrhea virus . The ca ttl e were clinically s ick a t the tin e 
and were thought t o have virus d i a r rhea . In a second case , the 
her d had been i njected with infectious bovine rhinotra cheitis 
va ccine JO days prior to obtaini ns serum. No neutra liz ing 
antibodies to i n f ec tious bovi ne rhinotra cheitis virus were 
found in t h i s ser a . Many other examples could be cited . There 
i s u suall y no detectable neutraliz ins antibody i n t he ser~ 
·)t-Pirl<:ins , G. S . Iowa Ve t eri nary Di agnos tic Iabora t or y . 
Ames , Iowa . Serol oc;ica l s tud i es on bovi ne abort ion . Un-
publ i s hed ~a. ta . 1966 . 
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following vaccina tion . Therefore , any neutralizing antibody 
which can be detected i s an indication that the host has under-
gone either a clinica l or inapparent infection due to 1nfec-
tious bovine r hinotra cheitis virus . 
Knowing that the cons equence of va ccinating pregnant cows 
to protect them from contracting infect1~us bovine rhinotrache-
i tis i s to crea te an abortion s t orm i n the herd , it is quite 
unlikely tha t the donors of the sera from this survey were 
immunized a gainst infectious bovine r hinotra cheitis v irus . 
Therefor e , it is concluded that the serum titers wer e i nduced 
by an a c tive infectious process whi ch in most cases was i n-
appar ent and went un..Y!oticed . 
Again , one ' s a ttention is directed to the work of Fa.st i er 
a nd Smith . They sta te tha t abortion ca used by infectious 
bovine rhinotracheitis virus i s more of a n inference rather 
t han an es t ablis hed fact . In s upport of their stand t hey cited 
the work of Kendrick e t a l . (1958 ) . Perhaps they were justi-
fied i n making this s t atement , as most of the proof which 
established i nfectious bovine rhinotra cheitis virus as a ca u s e 
of bovine abortions had as yet to make its appear ance . Cer-
t a inl y the work of Baker , Mc~ntee a nd Gillespie (1960 ), Crane 
et a l . (1964 ), Chow, Mol ello and Owen (1964 ) a nd OWen , Chow 
and Molello (1964) pr oved beyond any doubt that i nfectious 
bovine rhinotracheitis virus was respons ible for bovine 
abortions . 
' I 
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At the time of this writing there a re several herds of 
dairy cm·rn and one herd of stock coHs under inves t igation by 
the Iowa Veterinary Diagnostic I.a.boratory in an a ttempt to 
determine the caus e of several abortions in the herd.* ~1ost 
of the time the practicing veterinarian is unable to find the 
cause . The cows ha ve not exhibited any outward signs of sic~-
ness until they abort their fetus . The sera have been negative 
to the Brucellosis and leptospiros is tests . No bacterial 
pathogens have been isola ted fro;n the fetuses. Nearly all of 
the s era contain antibodies to infectious bovine rfiinotrache-
itis virus on initial tes ts . In one instance the antibody 
titer incre2.sed from 1 :4 on initia l tes t to 1 : 32 three wee!cs 
l ater , an 8- fold increase . Other s era ha ve antibody titers 
fro:n 1 : 2 to 1 : 256 . 
These cas e reports are not a part of the survey but are 
offered a s evidence tha t infectious bovine r hinotracheitis 
virus i s a very real etiolog ica l a ,gent of abortion which :nay 
surpass the ability of a ll other abortifa cient s heretofore 
dis covered . Furthermore , it seeos quite poss ible tha t one can 
make a s ubs t antia.l diagnos i s incririinat in:::; infectious bovine 
rhinotra cheiti s vi rus as the cau s e of abortion on the bas i s of 
serolo~ical tes t s . 
*Firk ins , G. S . Iowa Veterinary Diagnost ic Laboratory . 
Ames , Imm . Serolog ica l s tudies on bovine a bortion . Un-
published da t a . 1966 
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The incidence of infectious bovine rhinotracheiti s , 24 . 1 
percent , as revea led by this survey is an alar~in3 rate of 
infection . Cons ider for the moment that at the beginning of 
State- Federa l eradication in 1934, the inc idence of bovine 
brucellosi s in Im·;a and throughout the Uni ted States was 
estimated at 10 percent (lash and O' Rear , 1942) . The extent 
of infection of bovine tuberculos i s , a much less contagious 
dis ease , was only 4 . 2 percent in 1922, at i ts peak of i nfection 
0·1ohler , 1942) . 
There were no specific factors provided by this survey 
which may account f or this hich rate of infection . Postvac-
cina tion titer could not be demonstrated . It is assumed that 
the serw:i donors were clinically healthy cattle , some of which 
may have been convales cing fro~ a recent infection of inf ec-
tious bovine rhinotracheitis . No assign:n.ent of factors re-
spons ible for infectious bovine rhinotra cheitis could be made 
on the basis of loca tion as the rate of infection at the county 
level was ve-r:y erratic . 
.... ..... ..... .... .. .. . .. .. .. . . . . . . 
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CONCLUSION 
It has been revealed by this survey that 24.1 percent of 
the s era tes ted contained antibodies t o infec t i ous bovine 
rhinotra che it i s virus . Due to the inability to demonstr ate 
post- vaccination titer to infectious bovine rhinotracheitis 
virus , t he figure presented , 24.1 percent , represents essential -
l y the r esults of natural exposure to the virus . The high 
serological incidence i s compatible with the hypothes i s that 
thi s vir u s ex i sts in an inappa r ent form . Antibodies to infec-
tious bovine rhinot r achei tis virus were found in cattle through-
out the s t ate . Exc ept for the gene r a l grouping of high i nci -
dence counties in the northern section of the state, no 
pattera of infection coul d be related to geographical area or 
t ype of farming . 
fl 
Abinanti, F. 
1961 
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Table 1. A list of the counties with the number of herds and 
cows as t abulated from the 1959 Agriculture Census 
and the ac tua l number of herds and cows r ecorded in 
the sample 
Number of herds Number of cows 
County Expected Actual Expected Ac tual 
All amakee 224 404 11509 14795 
Appanoose 301 855 14266 20766 
Bl a ck Hawk 190 184 5224 4744 
Bremer 108 79 2023 1587 
Cass 342 836 15532 21060 
Cedar 302 528 11982 14191 
Cher okee 210 387 5698 9664 
Clay 280 305 6451 7118 
Clayton 279 426 9250 11421 
Crawford 302 835 13625 21087 
Decatur 256 918 14950 21331 
Floyd 258 437 5512 8417 
Franklin 286 287 6957 6829 
Grundy 252 346 8863 8391 
Hancock 313 272 6664 6251 
Harrison 348 833 7501 15962 
HU!nboldt 190 177 2623 3281 
Ida 279 41 2 9250 7582 
Iowa a91 831 18632 22817 
Jackson 06 739 17867 21571 
Keokuk 416 919 14058 18358 
Louisa 196 423 6585 9227 
Lucas 321 819 12938 19555 
Madis on 504 1039 18707 25235 
Marion 352 666 11247 13663 
~1Iarshall 457 707 13110 15921 
:. . ·,• ·. ', .'" .•.. ·. ,· . ' •. . . . . . '.· . . ' . . . • . . .• . . •, . 1".'·~: 
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Table 1. (Continued) 
!'-J'lrnber of herds Number of cows 
County Expected Actual Expected Actual 
Mills 179 409 5431 7536 
Plymouth 394 737 11457 16662 
Sioux 132 155 3704 3359 
Story 325 361 5894 6527 
Tama 505 998 18604 22690 
Taylor 346 1101 17783 25683 
Union 281 835 15475 20826 
Va n Buren 323 836 11757 16317 
Washington 276 599 9123 12209 
Webs ter 51.5 517 8972 8919 
Winneshiek 356 599 11063 18345 
Worth 249 267 5644 5022 
Tota l 11644 22078 39.5931 514919 
Table 2. Titer of virus expressed in TCID50;1 ml . 
Decimal dilution of virus Titer 
Time -1 -2 - J -4 -5 -6 -7 -8 - 9 TCio50/l ml. 
Initial 515 515 515 515 515 515 4/5 1/5 0/5 3.2 x 108 
60 days 515 515 515 515 515 515 2/5 1/5 0/5 1.0 x 10 8 
70 days 515 515 515 515 515 515 1/5 0/5 0/5 4.1 x io7 
77 days 515 515 515 515 515 4/5 2/5 0/5 0/5 4.8 x 107 
\.}\ 
6 
co 
95 days 515 515 515 515 515 0/5 0/5 0/5 0/5 3.2 x 10 
102 daysa 515 515 515 3/5 2/5 0/5 0/5 0/5 0/5 3.2 x io5 
109 days 515 515 515 515 515 1/5 0/5 0/5 0/5 4.1 x io6 
acell sheet one day older than usual 
~' . ,· .. . .-·,,.· ... •"•• .. ,· . ·.. . . . . . .. . . . . .. ,·:· ·"'"·'-~):"' 
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Table 3. Size of sample and proportion of infected cows by 
counties 
County Total ::leactors Negative % Infected 
Allamakee 32 15 17 46 . 87 
Appanoose 44 15 29 34.09 
Black Hawk 10 0 10 oo .oo 
Bremer 4 2 2 50 .00 
Cass 46 8 38 17 . 39 
Cedar 30 6 24 20 . 00 
Cherokee 20 8 12 40 . 00 
Clay 16 1 15 6. 25 
Clayton 24 2 22 8.33 
Crawford 48 5 43 10.41 
Decatur 46 15 31 32.60 
Floyd 18 2 16 11.11 
Franklin 14 0 14 oo.oo 
Grundy 18 3 15 16 . 66 
Hancock 14 9 5 64.28 
Harrison 34 8 26 23. 52 
Humboldt 6 2 4 33 . 33 
Ida 16 8 8 50.00 
Iowa 48 15 33 31.25 
Jackson 48 15 33 31 . 25 
Keokuk 38 3 {~ 7. 89 Louisa 20 6 30 . 00 
Lucas 42 11 31 26 .19 
Madison 54 19 '" 35 35 .18 
Marion 28 6 22 21 . 42 
Mar shall 36 13 23 36 . 11 
Mills 16 1 15 6 . 25 
Plymouth 36 8 28 22.22 
60 
Table 3. (Continued) 
County Total Reactors Negative % Infected 
Sioux 8 4 4 50.00 
Story 14 7 7 50.00 
Ta.ma 48 11 37 22.91 
Taylor 56 10 46 17.85 
Union 44 7 37 15.90 
Van Buren 34 3 31 8.82 
Washington 26 4 22 15. 38 
Webster 18 2 16 11.11 
Winneshiek 40 12 28 30.00 
Worth 12 1 11 8.33 
Total 1106 267 839 24.14 
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Table 4. Number of sample pairs tes ted and proportion infec-
ted by counties 
County Total Reactor Negative % Infected 
Allamakee 1 6 11 5 68.75 
Appanoose 22 10 12 45.45 
Black Ha.wk 5 0 5 oo.oo 
Bremer 2 2 0 100.00 
Cass 23 7 16 30 . 43 
Cedar 15 5 10 33 . 33 
Cherok ee 10 6 4 60.00 
Clay 8 1 7 1 2 . 50 
Clayton 12 2 10 16.66 
Crawford 24 5 19 20. 83 
Decatur 23 11 12 47.82 
Floyd 9 2 7 22. 22 
Fr a nklin 7 0 7 oo.oo 
Grundy 9 2 7 22. 22 
Hancock 7 5 2 71. 4 2 
Harris on 17 8 9 47.05 
Humboldt 3 1 2 33 . 33 
Ida 8 6 2 75. 00 
Iowa 24 11 1 3 45 . 83 
J a cks on 24 12 12 50. 00 
Keokuk 1 9 2 17 5. 26 
Louisa 10 3 7 30. 00 
Lucas 21 8 1 3 38 . 09 
?-1adi s on 27 11 16 40 . 74 
I1ar ion 14 4 10 28 .57 
Mar shall 1 8 10 8 55.55 
Mills 8 1 7 1 2 . 50 
Pl ymouth 1 8 6 12 33 . 33 
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Table 4. (Continued) 
County Total Reactor Negative % Infected 
Sioux 4 3 1 75.00 
Story 7 5 2 71.42 
Taina 24 7 17 29.16 
Taylor 28 9 19 32.14 
Union 22 6 16 27.27 
Van Buren 17 3 14 17.64 
Washingt on 13 4 9 30.77 
Webster 9 2 7 22.22 
Winneshiek 20 9 11 45.00 
Worth 6 1 5 16.66 
Total 553 201 352 36.34 
Table 5. The distribution of serum titers of reactor cows by counties 
Total Number Serum dilution 
County tests reactors 1 : 2 1:4 1:8 1:16 1:32 1:64 1 :128 
Allamakee 3 2 15 4 1 3 3 3 0 1 
Appanoose 44 15 8 1 2 1 3 0 0 
Black Hawk 10 0 0 0 0 0 0 0 0 
Bre'!ller 4 2 1 0 0 1 0 0 0 
Cass 46 8 3 2 1 2 0 0 0 
Cedar 30 6 3 0 3 0 0 0 0 
Cherokee 20 8 4 1 1 0 2 0 0 
Clay 16 1 0 1 0 0 0 0 0 °' VJ 
Clayton 24 2 1 1 0 0 0 0 0 
Crawford 48 5 1 3 0 0 1 0 0 
Decatur 46 15 10 1 2 2 0 0 0 
Floyd 18 2 1 1 0 0 0 0 0 
Franklin 14 0 0 0 0 0 0 0 0 
Grundy 18 ~ 0 0 3 0 0 0 0 .,I 
Hancock 14 9 4 2 1 1 1 0 0 
Harris on 34 8 8 0 0 0 0 0 0 
Humboldt 6 2 2 0 0 0 0 0 0 
Ida 16 8 7 0 0 0 1 0 0 
Iowa 48 15 5 4 2 1 3 0 0 
Jackson 48 1.5 7 2 4 2 0 0 0 
Table 5. (Continued) 
Total Number Serum dilution 
County tes ts reactors 1:2 lz4 1:8 1:16 1:32 1:64 lzl28 
Keokuk 38 3 2 0 0 0 1 0 0 
Louisa 20 6 3 1 2 0 0 0 0 
Lucas 42 \ 11 5 3 3 0 0 0 0 
Madison 54 19 10 5 1 2 1 0 0 
Marion 28 6 4 2 0 0 0 0 0 
Mar shall 36 1 3 3 6 4 0 0 0 0 
Mills 16 1 0 0 1 0 0 0 0 
Plymouth 36 8 1 1 6 0 0 0 0 °' ~
Sioux 8 4 2 1 0 1 0 0 0 
Story 14 7 2 0 0 3 2 0 0 
Tama 48 11 4 1 2 4 0 0 0 
.Taylor 56 10 4 1 1 3 1 0 0 
Union 44 7 5 1 1 0 0 0 0 
Van Buren 34 3 2 1 0 0 0 0 0 
Was hington 26 4 1 1 1 1 0 0 0 
Webster 18 2 1 1 0 0 0 0 0 
Winneshiek 40 12 1 4 3 2 2 0 0 
Worth 12 1 0 1 0 0 0 0 0 
Tota l 1106 267 119 50 47 29 21 0 1 
% To t a l 24.1 44.5 18.7 17.6 10.8 7.8 o.o 0.37 
